IMPORTANCE Chronic rhinosinusitis (CRS) is associated with a decreased quality of life, affecting physical and emotional aspects of daily function, the latter of which could manifest as depression and anxiety.
C hronic rhinosinusitis (CRS) is one of the most prevalent chronic diseases and consists of a group of disorders characterized by inflammation of the sinonasal mucosa lasting for more than 12 weeks. 1, 2 The cause of CRS is likely multifactorial, with various contributory inflammatory mechanisms that ultimately determine the clinical phenotype that manifests. 3, 4 Chronic rhinosinusitis is clinically classified into 2 phenotypes (based on the nasal endoscopic findings with regard to nasal polyps), that is, CRS with nasal polyps (CRSwNP) or CRS without nasal polyps (CRSsNP). The CRSwNP phenotype is usually associated with greater severity of clinical disease. 2 It is well known that CRS places a considerable burden on society and the health care system in terms of direct health care costs and other indirect costs. 5, 6 In addition, CRS can have a considerable effect on the patient's health-related quality of life by causing physical, social, emotional, and cognitive impairment. Moreover, CRS can be associated with a range of therapy-induced adverse effects and exert a financial influence on the patient. 6, 7 Mental health problems related to CRS, such as depression and anxiety, also affect the patient's health-related quality of life and can create challenges in medical management. [8] [9] [10] The severity of CRS based on nasal endoscopy and computed tomographic imaging findings correlates poorly with symptom scores. One of the potential causes for this discordance is the presence of mental health problems, such as depression and anxiety. Such comorbid mental health problems in patients with CRS are usually associated with increased use of health care resources, antibiotic use, and missed workdays.
11 Furthermore, mental health problems may present as physical complaints with or without objective findings, leading to patient and physician confusion and frustration. 12, 13 Sometimes, exploration of emotional issues may be uncomfortable for a physician who has yet to establish a strong relationship with the patient. 12 Several previous crosssectional studies 9, 11, 14, 15 have reported that depression and anxiety are quite common in patients with CRS. However, the causal relationship between CRS and mental health conditions is not yet fully understood. Whether patients report higher levels of CRS symptoms because of their depression and/or anxiety or whether the effects of CRS on quality of life contribute to depression and anxiety remains unclear. Therefore, in the present study, we aimed to investigate the association between CRS and prospective risk of developing mental health problems, such as depression and anxiety. We used a nationwide representative sample of 1 025 340 adults from the 2002-2013 National Sample Cohort of the Korea National Health Insurance Service (KNHIS-NSC) in South Korea. Because this nationwide population-based data set contains information about the history of use of medical services for more than 1 million Koreans, we could examine the association between each CRS phenotype and the risk of mental health problems while adjusting for clinical and demographic factors.
Methods

Korea National Health Insurance Service
National health insurance has provided health coverage to the entire South Korean population since 1989. Therefore, every South Korean is enrolled in the KNHIS and nearly all data from the health care system are stored in large central databases. The KNHIS controls all medical costs among beneficiaries, medical providers, and the government. Almost all medical data, including diagnostic codes, procedures, prescription drugs, and personal information, are included in the KNHIS database. Each South Korean resident is assigned a unique identification number at birth, and this number is used by the KNHIS to identify individuals. Thus, health care claim data are not omitted or duplicated. The Korean Classification of Diseases (KCD), a system similar to the International Classification of Diseases, is used in the KNHIS to assign diagnostic codes. In the present study, we used KNHIS-NSC data collected from January 1, 2002, through December 31, 2013, consisting of information from a nationally representative sample of 1 025 340 random individuals and accounting for approximately 2.2% of the South Korean population in 2002. In 2002, we conducted stratified random sampling among the South Korean population of 46 million with 1476 strata by age (18 groups), sex (2 groups), and income level (41 groups, including 40 health insurance and 1 medical aid beneficiary). Study protocols adhered to the tenets of the Declaration of Helsinki and used KNHIS-NSC data (NHIS-2017-2-556) from the KNHIS. This study was also approved by the institutional review board of Hallym Medical University, Chuncheon Sacred Hospital, Chuncheon, Republic of Korea, which waived the need for written informed consent because the KNHIS-NSC data set consisted of deidentified secondary data for research purposes.
Study Population
The CRS group included all patients who received inpatient and outpatient care for an initial diagnosis of CRS from January 1, 2002, through December 31, 2004. To improve the accuracy of the diagnostic code, the operational definition of CRS in the present study included CRS (KCD code J32 [CRSsNP] or KCD code J33 [CRSwNP]) diagnosed more than once at intervals of 3 months or more. This definition was used because the diagnosis of CRS requires that it is clinically persistent for more than 12 weeks. Also, we included only patients who underwent nasal endoscopy in this period. Patients who fit this criterion were included in the study. The exclusion criteria were as follows: (1) younger than 18 years; (2) a diagnosis of depression and anxiety from January 1,
Key Points
Question Is chronic rhinosinusitis associated with the risk of depression and anxiety?
Findings In this cohort study of 48 672 participants in a nationwide insurance data set, the overall incidence of depression and anxiety during the 11-year follow-up was higher in the group with chronic rhinosinusitis than in the comparison group. The adjusted hazard ratio for development of depression and anxiety was higher in the chronic rhinosinusitis group without nasal polyps vs those with nasal polyps.
Meaning An increased incidence of depression and anxiety appears to be associated with chronic rhinosinusitis, and patients without nasal polyps seem to be at a higher risk of developing depression and anxiety than those with nasal polyps. 
Variables and Operational Definition of CRS
Details of patients' age, sex, residence, household income, and comorbidities were obtained from the database. The study population was divided into 3 age groups (<45, 45-64, and >64 years), 3 income groups (low [≤30.0% of the national median]; middle [30.1%-69.9% of the national median]; and high [≥70.0% of the national median]), and 3 residential areas (Seoul, the largest metropolitan region in South Korea; other metropolitan cities in South Korea; and small cities and rural areas).
The operational definitions of the study end points were all-cause mortality or the incidence of depression and anxiety. Patients were censored after December 31, 2013, if they did not experience any events and if they were alive until that date. Risks for depression and anxiety were compared between the CRS and non-CRS groups based on person-years at risk, which was defined as the duration from the date of CRS diagnosis or January 1, 2002 (for the comparison group), to the end point. We presented the amount of missing data on eTable 2 in the Supplement.
Statistical Analysis
Data were analyzed from July 1 to November 15, 2018. Descriptive and χ 2 analyses were conducted to identify sex, age groups, residence, and household income and evaluate the difference in variables of study participants. . Kaplan-Meier analysis was performed to identify the difference of survival functions among study groups. The overall depression-and anxiety-free survival rates for the observation period were determined with the Kaplan-Meier survival curve. To identify whether CRS increased the risk of occurrence of depression and anxiety, we used Cox proportional hazards regression analyses to calculate the hazard ratio (HR) and 95% CI, adjusting for other outcome variables. Incidence rates per 1000 person-years for depression and anxiety were obtained by dividing the number of patients with depression and anxiety by person-years at risk. All statistical analyses were performed with R software (version 3.4.3; R Foundation for Statistical Computing). Two-sided P < .05 was considered statistically significant.
Results
The present study consisted of 10 763 patients with CRSsNP, 5461 with CRSwNP, and 32 448 non-CRS controls for a total study population of 48 672 (41.2% male and 58.8% female). Similar distributions of sex, age, residential area, household income, and comorbidities were observed in the the 3 groups. In addition, these variables have no difference between study groups because they have very small effect size values. Therefore, they were used for sample matching so that group matching could be performed appropriately. Table 1 presents the characteristics of the study population for the 3 cohorts. We used univariate and multiple Cox regression models to analyze the HRs for the development of depression and anxiety during the 11-year follow-up period. The overall incidence of depression was significantly higher in the CRS group (24.2 per 1000 person-years) than in the comparison group (16.0 per 1000 person-years), with an adjusted HR of 1.54 (95% CI, 1.48-1.61). In addition, we observed a significantly higher incidence of anxiety in the CRS group (42.2 per 1000 person-years) than in the comparison group (27.8 per 1000 person-years) with an adjusted HR of 1.57 (95% CI, 1.52-1.62). When we performed the subgroup analysis according to CRS phenotypes, a significantly higher incidence of depression and anxiety occurred in the CRSsNP group compared with the CRSwNP group ( Table 2 and Table 3 ). Thus, the incidences of depression and anxiety in the CRSsNP group were 25.2 and 43.7 per 1000 person-years, respectively, whereas incidences in the CRSwNP group were 22.1 and 39.2 per 1000 person-years, respectively. After adjusting for sociodemographic factors (sex, age, residential area, and household income) and comorbidities, we found that patients with CRSsNP had a significant likelihood of prospective development of depression and anxiety (adjusted HR for depression, 1.61 [95% CI, 1.54-1.69]; adjusted HR for anxiety, 1.63 [95% CI, 1.57-1.69]), as indicated by the results of multiple Cox proportional hazards regression analyses of all variables. Meanwhile, in the CRSwNP group, the adjusted HRs for depression and anxiety were 1.41 (95% CI, 1.32-1.50) and 1.45 (95% CI, 1.38-1.52), respectively. Figure 1 and Figure 2 present Kaplan-Meier survival curves with log-rank tests for the 11-year follow-up period. The results of the log-rank test indicated that patients with CRS developed depression (HR, 1.53; 95% CI, 1.46-1.59) and anxiety (HR, 1.54; 95% CI, 1.49-1.59) more frequently compared with those from the com- parison group (Figure 1) . Moreover, subgroup analysis revealed lower 11-year depression-free (HR, 0.79; 95% CI, 0.77-0.80) and anxiety-free (HR, 0.79; 95% CI, 0.77-0.81) survival rates in the CRSsNP group than in the CRSwNP group ( Figure 2 ).
Discussion
In this study, we used nationwide population insurance data to conduct a retrospective cohort study to evaluate the risk of depression and anxiety in CRS depending on the CRS phenotype. We observed an association between CRS and an increased incidence of depression and anxiety. Specifically, CRSsNP was associated with a higher risk of developing depression and anxiety than was CRSwNP. Chronic rhinosinusitis is one of the common rhinologic diseases and, despite receiving optimal medical and surgical treatment, some patients with CRS have repeated, persistent symptoms that make this condition challenging to manage. Specifically, patients with CRS combined with comorbid mental health problems usually show significantly worse pain and energy levels, as well as difficulty with daily activities, than do patients with CRS without mental health problems. 16 Anxiety and depression are the 2 most common mental health disorders in patients with CRS. 11,14,17 Previous studies 9,14,15 also have demonstrated higher prevalence rates of depression and anxiety in patients with CRS. Thus, these psychiatric comorbidities may influence not only the diagnosis of CRS but also its therapeutic and surgical outcomes.
18
Despite its clinical importance, the causal association between CRS and psychiatric comorbidities is not fully understood. For example, whether depression and anxiety amplify the symptoms of CRS or whether these conditions are the consequence of CRS is unknown. Recently, a cohort study using Taiwan National Health Insurance data 19 demonstrated that CRS was associated with a significant increase in the risk of depression. The study reported that patients with CRS have a 1.51-fold higher risk of developing depression, but with no difference in the incidence of depression between CRSsNP and CRSwNP groups. 19 However, no study, to our knowledge, has reported evaluating the risk of developing anxiety in CRS. Thus, to date this study is the first nationwide, population-based retrospective cohort study to evaluate the incidence of depression and anxiety in CRS, according to the different phenotypes of CRS.
To confirm the link between CRS and mental health problems, we used data from the KNHIS-NSC. Several previous studies using these data have also been published. [20] [21] [22] [23] [24] In the present longitudinal study, we examined the association between CRS and mental health problems using sociodemographically matched individuals extracted from a nationwide 11-year longitudinal cohort database of 1 025 340 South Korean patients. Consistent with previous reports, we found that patients with CRS had a significantly higher risk of depression and anxiety, with HRs of 1.54 and 1.57, respectively, after adjusting for sociodemographic factors and comorbidities. We also found that patients with CRSsNP and CRSwNP had a significantly higher risk of developing depression and anxiety. However, adjusted HRs for depression and anxiety in patients with CRSsNP were higher than those in patients with CRSwNP. Thus, in this study, patients with CRSsNP appear to have a higher likelihood of developing mental health problems, such as depression and anxiety. Similarly, a previous cross-sectional study 17 reported that emotional wellbeing was worse in patients with CRSsNP than in those with CRSwNP. Moreover, another study 25 reported that facial pain and headache, which are known to be associated with depression and anxiety, were more common in patients with CRSsNP than in those with CRSwNP. A possible reason for this could be that patients with CRSwNP are more likely to visit the clinic sooner and begin treatment earlier because CRSwNP is frequently associated with asthma and allergic rhinitis. Another possible reason could be that patients with CRSwNP tend to visit the hospital continuously as they often undergo endoscopic sinus surgery. Therefore, prevention and treatment of complications are easier.
Strengths and Limitations
The present study has several unique strengths. First, it has a relatively long follow-up period (11 years) and uses a large national population-based database, which enables us to analyze all events associated with depression and anxiety effectively. Second, to improve diagnostic accuracy, we include only patients with CRS diagnosed by otolaryngologists and patients with anxiety or depression diagnosed by psychiatrists. Nasal endoscopy and psychiatric counseling therapy can only be performed by otolaryngologists and psychiatrists. Third, the present study is designed to evaluate the differences in the risk of developing depression and anxiety in patients with CRS, according to the precise phenotype. Chronic rhinosinusitis is a highly heterogeneous disease and is currently classified based on nasal endoscopic findings such as CRSwNP or CRSsNP. 2 However, the clinical phenotype does not adequately reflect the pathophysiologic diversity of patients with CRS. [26] [27] [28] Evidence from several studies suggests that
CRSsNP is characterized by a predominant helperT1(T H 1) inflammatory response, whereas CRSwNP is driven by T H 2 inflammation and increased eosinophil infiltration. [26] [27] [28] Thus, investigating the differences associated with the risk of development of mental diseases for each phenotype is important from the point of view of personalized medicine in this field. Our findings suggest that CRS increases the risk of depression and anxiety, regardless of phenotype. Nonetheless, CRSsNP is associated with a higher risk of depression and anxiety than is CRSwNP. Our study also has some limitations. First, we do not have access to data regarding smoking, alcohol intake, and body mass index. Therefore, we cannot adjust for these potential confounding factors in the analysis. Second, the diagnosis of CRS depends on the KCD diagnostic codes, which might be less accurate than diagnoses based on information from a medical record that included the medical history, results of physical examination, or nasal endoscopy findings. Third, data regarding disease severity, such as computed tomographic images, are lacking in our registry. Fourth, the terms of depression and anxiety include a wide variety of disease states. Our diagnostic code system has errors that are too simplistic. Therefore, we cannot investigate whether patients with severe CRS are at a higher risk of depression and anxiety compared with patients with mild CRS. Finally, because this is a retrospective cohort study, we cannot directly examine and analyze the mechanisms underlying the association between CRS and depression or anxiety. Future clinical studies investigating a wider range of factors, diagnostic criteria, and disease severity can provide additional evidence for the link between CRS and depression or anxiety.
Conclusions
The present study investigated a possible link between CRS and the development of depression and anxiety during an 11-year follow-up period. Our findings suggest that patients with CRS had a higher risk of depression and anxiety, regardless of the CRS phenotype. In addition, depression and anxiety appeared to occur more frequently in patients without nasal polyps compared with those with nasal polyps. Therefore, this study provides new insight into the effects of CRS on mental health problems. Physicians should be aware of the potential comorbidities observed in patients with CRS and provide therapy to reduce the risk of depression and anxiety in these patients. Role of the Funder/Sponsor: The funders/sponsors had no role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication. and common psychiatric disorders, a topic that has been often discussed but rarely subjected to large-scale, population-based study. [2] [3] [4] The investigators used data from a national health service database during an 11-year period to determine the incidence and risk of depression and anxiety in a population with CRS. Building on previous reports of comorbidity prevalence, the investigators found an increased incidence and risk of new diagnoses of both psychiatric conditions. Subgroup analysis according to phenotypic presence or absence of nasal polyps demonstrated greater incidence in the nonpolypoid cohort. Increased prevalence of depression has been previously noted in smaller-scale observational and cross-sectional studies, with a recent systematic review reporting prevalence ranging from 11% to 40%. 5 In contrast, the risk of developing anxiety with CRS has not been previously reported. The present findings also indicated an increased risk of psychiatric disease in CRS with polyps, albeit with a less pronounced effect size. These findings suggest that the risk of developing psychiatric disease after a diagnosis of CRS may be elevated across phenotypes and may constitute a clinically important component in the diagnosis and management of the heterogeneous syndrome currently known as CRS. 6 Related article page 313 
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